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SPECIFICATION 

PLASMA DISPLAY PANEL AND METHOD OF MANUFACTURING SAME 
TECHNICAL FIELD 

[0001] This invention relates to plasma display panels and 

a method of manufacturing the plasma display panels. 



BACKGROUND ART 

[0002] A surf ace-discharge-type alternating-current plasma 

display panel (hereinafter referred to as "'PDP'') has two 
opposing glass substrates placed on either side of a 
discharge-gas-filled discharge space, row electrode pairs 
extending in the row direction and regularly arranged in 
the. column direction on one of the glass substrates, column 
electrodes extending in the column direction and regularly 
arranged in the row direction on the other glass substrate, 
and unit light emission areas (discharge cells) thus 
formed in matrix form in positions corresponding to the 
intersections between the row electrode pairs and the 
column electrodes in the discharge space. 

[0003] Further, in the PDP, a magnesium oxide (MgO) film, 

which has the function of protecting the dielectric layer 
and the function of emitting secondary electrons into the 
unit light emission area, is formed on a portion of a 
dielectric layer facing the unit light emission areas, the 
dielectric layer being provided for covering the row 
electrodes or the column electrodes. 

[0004] As a method for forming the MgO film in the 

manufacturing process for PDPs as described above, the 
adoption of a screen printing technique of applying a 
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coating of a paste containing an MgO powder mixture onto 
a dielectric layer is considered on the grounds of 
simplicity and convenience as described in Japanese 
unexamined patent publication No. 6-325696, for example. 

[0005] However, in the case of using a paste containing a 

polycrystalline f loccule type magnesium oxide obtained by 
heat-treating and purifying magnesium hydroxide, to form 
an MgO film of the PDP by a screen printing technique as 
described in Japanese unexamined patent publication No. 
6-325696, the resulting discharge characteristics of the 
PDP are merely largely equal to or slightly greater than 
those provided in the case of using an evaporation 
technique to form the magnesium oxide film. 

[0006] An urgent need arising from this is to form an MgO film 

capable of yielding a greater improvement in the discharge 
characteristics in the PDP. 

[0007] An object of the present invention is to solve the 

problem associated with PDPs having a conventional 
magnesium oxide film formed therein as described above. 



DISCLOSER OF THE INVENTION 
PROBLEMS TO BE SOLVED BY THE INVENTION 
[0008] To attain the above object, a PDP according to the 

invention (invention described in claim 1), which is 
equipped with a front substrate and a back substrate facing 
each other across a discharge space, and with, between the 
front substrate and the back substrate, a plurality of row 
electrode pairs and a plurality of column electrodes 
extending in a direction intersecting the row electrode 
pairs to form unit light emitting areas in the respective 
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portions of the discharge space corresponding to the 
intersections with the row electrode pairs, is 
characterized by providing, on an area facing the unit 
light emitting area between the front substrate and the 
back substrate, a magnesium oxide layer that includes a 
magnesium oxide crystal causing a cathode-luminescence 
emission having a peak within a wavelength range of 200nm 
to 300nm upon being excited by electron beams. 

[0009] The magnesium oxide layer provided in areas facing the 

discharge cells includes magnesium oxide crystals causing 
a cathode-luminescence emission having a peak within a 
wavelength range of 200nm to 300nm upon excitation by 
electron beams. Thereby, the above PDP is improved in the 
discharge characteristics such as the discharge 
probability and the discharge delay in the PDP and thus 
is capable of providing satisfactory discharge 
characteristics . 

[0010] Further, to attain the aforementioned object, a method 

of manufacturing a PDP according to the invention 
(invention described in claim 18) is a method of 
manufacturing a plasma display panel which is equipped 
with a front substrate and a back substrate facing each 
other across a discharge space, electrodes formed on at 
least one of the front and back substrates, a dielectric 
layer covering the electrodes, and a protective layer 
covering the dielectric layer, and is characterized by 
having a process of forming a magnesium oxide layer that 
includes a magnesium oxide crystal causing a 
cathode-luminescence emission having a peak within a 
wavelength range of 200nm to 300nm upon being excited by 
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electron beams, in a position covering a required portion 
of the dielectric layer. 
[0011] With the above method of manufacturing the PDPs, in 

between the front substrate and the back substrate facing 
each other across the discharge space of the PDP, on a 
required portion of the dielectric layer, the magnesium 
oxide layer covering the dielectric layer is formed of 
magnesium oxide crystals causing a cathode-luminescence 
emission having a peak within a wavelength range of 200nm 
to 300nm upon excitation by electron beams. Thereby, the 
discharge characteristics such as the discharge 
probability and the discharge delay in the PDP are improved 
and it becomes possible to provide satisfactory discharge 
characteristics . 

BRIEF DESCRIPTION OF DRAWINGS 
[0012] [Fig. 1] Fig. 1 is a front view illustrating a first 
embodiment example of an embodiment of the invention. 
[Fig. 2] Fig. 2 is a sectional view taken along the Vl-Vl 
line in Fig. 1. 

[Fig. 3] Fig. 3 is a sectional view taken along the V2-V2 
line in Fig. 1. 

[Fig. 4] Fig. 4 is a sectional view taken along the Wl-Wl 
line in Fig. 1. 

[Fig. 5] Fig. 5 is a SEM photograph of a magnesium oxide 
single crystal having a cubic single-crystal structure. 
[Fig. 6] Fig. 6 is a SEM photograph of a magnesium oxide 
single crystal having a cubic polycrystal structure. 
[Fig. 7] Fig. 7 is a graph showing the relationship between 
the particle diameters of magnesium oxide single crystals 
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and the wavelengths of CL emission in the first embodiment 
example . 

[Fig. 8] Fig. 8 is a graph showing the relationship between 
the particle diameters of magnesium oxide single crystals 
and the peak intensities of CL emission at 235nm in the 
same example. 

[Fig. 9] Fig. 9 is a graph showing the state of the 
wavelength of CL emission from the magnesium oxide layer 
formed by vapor deposition. 

[Fig. 10] Fig. 10 is a graph showing the relationship 
between the discharge delay and the peak intensities of 
CL emission at 235nm from the magnesium oxide single 
crystals . 

[Fig. 11] Fig. 11 is a graph showing the improved state 
of the discharge probability in the same example. 
[Fig. 12] Fig. 12 is a table showing the improved state 
of the discharge probability in the same example. 
[Fig. 13] Fig. 13 is a graph showing the improved state 
of the discharge delay in the same example. 
[Fig. 14] Fig. 14 is a table showing the improved state 
of the discharge delay in the same example . 
[Fig. 15] Fig. 15 is a graph showing the relationship 
between the particle diameters of magnesium oxide single 
crystals and the discharge probability in the same 
example . 

[Fig. 16] Fig. 16 is a front view illustrating a second 
embodiment example of an embodiment of the invention. 
[Fig. 17] Fig. 17 is a sectional view taken along the V3-V3 
line in Fig. 16. 

[Fig. 18] Fig. 18 is a sectional view taken along the W2-W2 
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line in Fig. 16. 

[Fig. 19] Fig. 19 is a sectional view illustrating the state 
of a magnesium oxide layer formed by a coating of a paste 
including magnesium oxide single crystals in the same 
example . 

[Fig. 20] Fig. 20 is sectional view illustrating the state 
of a magnesium oxide layer consisting of a powder layer 
formed by a deposition of magnesium oxide single crystals 
in the same example. 

[Fig. 21] Fig. 21 is a graph showing the comparison between 
the discharge probability of the magnesium oxide layer 
consisting of a powder layer formed by a deposition of 
magnesium oxide single crystals in the same example and 
the discharge probability in another example. 
[Fig. 22] Fig. 22 is a front view illustrating a third 
embodiment example of an embodiment of the invention. 
[Fig. 23] Fig, 23 is a sectional view taken along the V4-V4 
line in Fig. 22. 

[Fig. 24] Fig. 24 is a sectional view taken along the W3-W3 
line in Fig, 22. 

[Fig. 25] Fig. 25 is a sectional view illustrating the state 
of a crystalline magnesium oxide layer formed on a 
thin-film magnesium layer in the same example. 

[Fig. 26] Fig. 26 is sectional view illustrating the state 
of a thin-film magnesium layer formed on a crystalline 
magnesium layer in the same example. 

[Fig. 27] Fig. 27 is a graph showing the comparison of the 
discharge delay characteristics between the case when a 
protective layer is constituted only of a magnesium oxide 
layer formed by vapor deposition and that when a protective 



layer has a double layer structure made up of a crystalline 
magnesium layer and a thin-film magnesium layer formed by 
vapor deposition. 



BEST MODE FOR CARRYING OUT THE INVENTION ' 
[0013] This invention will be described below in detail on 

the basis of embodiment examples illustrated in the 
drawings . 

[0014] FIRST EMBODIMENT EXAMPLE 

Figs. 1 to 4 illustrate a first embodiment example in 
an embodiment of the invention. 

[0015] Fig. 1 is a schematic front view of the cell structure 

of a surf ace-discharge^type AC PDF in the first embodiment 
example. Fig. 2 is a sectional view taken along the Vl-Vl 
line in Fig. 1, Fig. 3 is a sectional view taken along the 
V2-V2 line in Fig. 1, and Fig. 4 is a sectional view taken 
along the Wl-Wl line in Fig. 1. 

[0016] The POP in Figs. 1 to 4 has a plurality of row electrode 

pairs (X, Y) extending in the row direction (the right-left 
direction in Fig. 1) of a front glass substrate 1 and 
regularly arranged in the column direction (the up-down 
direction in Fig. 1) on the rear-facing face of the front 
glass substrate 1 serving as the display surface. 

[0017] A row electrode X is composed of T-shaped transparent 

electrodes Xa formed of a transparent conductive film made 
of ITO or the like, and a black bus electrode Xb which is 
formed of a metal film and which extends in the row 
direction of the front glass substrate 1 and is connected 
to the narrow proximal ends of the transparent electrodes 
Xa. 



[0018] A row electrode Y, likewise, is composed of: T-shaped 

transparent electrodes Ya formed of a transparent 
conductive film made of ITO or the like; a black bus 
electrode Yb which is formed of a metal film, and which 
extends in the row direction of the front glass substrate 
1 and is connected to the narrow proximal ends of the 
transparent electrodes Ya; and address-discharge 
transparent electrodes Yc each formed integrally with the 
transparent electrode Ya to extend out from the proximal 
end of the transparent electrode Ya toward the opposite 
side of the bus electrode Yb from the transparent electrode 
Ya. 

[0019] The row electrodes X and Y are arranged in alternate 

positions in the column direction of the front glass 
substrate 1 (the vertical direction in Fig. 1 and the 
right-left direction in Fig. 2) . The transparent 
electrodes Xa and Ya, which are regularly spaced along the 
associated bus electrodes Xb and Yb, each extend out toward 
their counterparts in the row electrode pair, so that the 
wide distal ends of the transparent electrodes Xa and Ya 
face each other across a discharge gap g_ of a required 
width. 

[0020] Then, an address-discharge transparent electrode Yc 

of the row electrode Y is placed between the bus electrode 
Yb of this row electrode Y and the bus electrode Xb of the 
row electrode X which is of the adjacent row electrode pair 
(X, Y) in the column direction and is positioned back to 
back with and away from the bus electrode Yb. 

[0021] A display line L extending in the row direction is 

formed in each row electrode pair (X, Y) . 
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[0022] A dielectric layer 2 is formed on the rear-facing face 

of the front glass substrate 1 so as to cover the row 
electrode pairs (X, Y) . Black or dark colored first 
additional dielectric layers 3A projecting backward 
(downward in Fig. 2) from the dielectric layer 2 are formed 
on the rear-facing face of the dielectric layer 2 so as 
to each extend, in parallel to the back-to-back bus 
electrodes Xb and Yb of the adjacent row electrode pairs 
(X, Y) in the row direction, along a position opposite to 
these bus electrodes Xb and Yb and the area between the 
back-to-back bus electrodes Xb and Yb (the area in which 
the address-discharge transparent electrodes Yc) . 

[0023] Further, a second additional dielectric layer SB 

projecting backward (downward in Fig, 2) from the first 
additional dielectric layer 3A is formed on a portion of 
the rear-facing face of the first additional dielectric 
layer 3A opposite to the bus electrode Xb so as to extend 
parallel to the bus electrode Xb. 

[0024] A protective layer, not diagrammed, made of magnesium 

oxide (MgO) covers the surface of the rear-facing faces 
of the dielectric layer 2, first additional dielectric 
layers 3A and second additional dielectric layers 3B. 

[0025] The front glass substrate 1 is placed in parallel to 

the back glass substrate 4 across the discharge space, and 
on the face of the back glass substrate 4 facing toward 
the front glass substrate 1, a plurality of column 
electrodes D are arranged in parallel to each other at 
predetermined intervals so as to each extend in a direction 
at right angles to the bus electrodes Xb, Yb (the column 
direction) through positions opposite to the paired 



transparent electrodes Xa and Ya in each row electrode pair 
(X, Y) . 

[0026] Further, a column-electrode protective layer 

(dielectric layer) 5 covering the column electrodes D is 
formed on the face of the back glass substrate 4 facing 
toward the front glass substrate 1. A partition unit 6 
shaped as described below in detail is formed on the 
column-electrode protective layer 5. 

[0027] Specifically, when viewed from the front glass 

substrate 1, the partition unit 6 is constituted of first 
lateral walls 6A each extending in the row direction along 
a position opposite to the bus electrode Xb of each row 
electrode X, vertical walls 6B each extending in the column 
direction in a strip between the transparent electrodes 
Xa, Ya which are regularly spaced along the associated bus 
electrodes Xb, Yb of the row electrodes X, Y, and second 
lateral walls 6C each extending parallel to the first 
lateral wall 6A at a required interval along a position 
opposite the bus electrode Yb of each row electrode Y. 

[0028] Then, the height of the first lateral wall 6A, the 

vertical wall 6B and the second lateral wall 6C is set equal 
to the distance between the protective layer covering the 
rear-facing face of the second additional dielectric 
layers 3B and the column-electrode protective layer 5 
covering the column electrodes D. 

[0029] Thereby, the front-facing face (the upper face in Fig. 

2) of the first lateral walls 6A of the partition unit 6 
is in contact with the protective layer covering the second 
additional dielectric layers 3B. 

[0030] The first lateral walls 6A, the vertical walls 6B and 
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the second lateral walls 6C of the partition unit 6 
partition the space between the front glass substrate 1 
and the back glass substrate 4 into areas each 
corresponding to the paired transparent electrodes Xa and 
Ya opposite each other to form display discharge cells 
(first light-emission areas) CI. Further, part of the 
space, which is sandwiched between the first lateral wall 
6A and the second lateral wall 6C and is opposite to the 
area between the back-to-back bus electrodes Xb and Yb of 
the row electrode pairs (X, Y) adjacent to each other, is 
partitioned by the vertical walls 6B to thereby form 
address discharge cells (second light emission areas) C2 
each alternating with the display discharge cells CI in 
the column direction. 
[0031] The address discharge cell C2 is placed opposite the 

address-discharge transparent electrode Yc of the row 
electrode Y. 

[0032] Further, the display discharge cell CI and the address 

discharge cell C2, which are adjacent to each other across 
the second lateral wall 6C in the column direction, 
communicate with each other by means of a clearance r that 
is formed between the protective layer covering the first 
additional dielectric layer 3A and the second lateral wall 
6C. 

[0033] A phosphor layer 7 is formed on the surface of the 

column-electrode protective layer 5 and the side faces of 
the first lateral wall 6A, the vertical walls 6B and the 
second lateral wall 6C of the partition unit 6 which face 
toward the discharge space in each display discharge cell 
CI, so as to cover approximately all the five faces. The 
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arrangement of the colors of the phosphor layers 7 is red 
(R) , green (G) and blue (B) in sequence in the row direction 
in the respective display discharge cells CI. 

[0034] In addition, a magnesium oxide (MgO) layer 8, which 

includes magnesium oxide crystals causing a 
cathode-luminescence emission (CL emission) having a peak 
within a wavelength range of 200nm to 300nm upon excitation 
by electron beams, as described later in detail, is formed 
on the surface of the column-electrode protective layer 
5 and the side faces of the first lateral wall 6A, the 
vertical walls 6B and the second lateral wall 6C of the 
partition unit 6 which face toward the discharge space in 
each address discharge cell C2, so as to cover 
approximately all the five faces. 

[0035] The display discharge cells CI and the address 

discharge cells C2 are filled with a discharge gas 
including xenon. 

[0036] The MgO layer 8 of the foregoing PDF is formed of the 

following materials and by the following method. 

[0037] Specifically, included among MgO crystals which are 

used as materials for forming the MgO layer 8 and cause 
CL emission having a peak within a wavelength range of 200nm 
to 300nm upon being excited by an electron beam, is, for 
example, a single crystal of magnesium which is obtained 
by performing vapor-phase oxidation on magnesium steam 
generated by heating magnesium (this single crystal of 
magnesium is hereinafter referred to as ^Vapor-phase MgO 
single crystal") . As the vapor-phase MgO single crystal, 
an MgO single crystal having a cubic single-crystal 
structure as illustrated in the SEM photograph in Fig. 5, 
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and an MgO single crystal having a structure of cubic 
crystals fitted to each other (i.e. a cubic polycrystal 
structure) as illustrated in the SEM photograph in Fig. 
6 are included for example. 

[0038] The vapor-phase MgO single crystal contributes to an 

improvement of the discharge characteristics such as a 
reduction in discharge delay as described later. 

[0039] Further, as compared with magnesium oxide obtained by 

other methods, the vapor-phase magnesium oxide single 
crystal has the features of being of a high purity, taking 
a microscopic particle form, causing less particle 
agglomeration, and the like. 

[0040] The vapor-phase MgO single crystal used in the 

embodiment example has an average particle diameter of 500 
or more angstroms (preferably, 2000 or more angstroms) 
based on a measurement using the BET method. 

[0041] The MgO layer 8 is formed by use of a method such as 

screen printing, offset printing, dispenser technique, 
ink-jet technique, roll-coating technique to apply 
coating of a paste including vapor-phase magnesium oxide 
single crystals as described above to the surface of the 
column-electrode protective layer 5 and the side faces of 
the first lateral wall 6A, the vertical walls 6B and the 
second lateral wall 6C of the partition unit 6 facing toward 
the discharge space in each address discharge cell C2, or 
alternatively by use of a method such as spraying 
techniques, electrostatic spraying techniques to cause 
the vapor-phase magnesium oxide single crystals to adhere 
to the same. 

[0042] In the foregoing PDP, when an image is generated, after 
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a reset discharge is produced in the display discharge cell 
CI and the address discharge cell C2, an address discharge 
is initiated between the address-discharge transparent 
electrode Yc of the row electrode and the column electrode 
D in the address discharge cell C2. 

[0043] Charged particles thus generated through the address 

discharge in the address discharge cell C2 are introduced 
through the clearance r between the first additional 
dielectric layer 3A and the second lateral wall 60 into 
the display discharge cell CI. The display discharge 
cells CI (light emission cells) having wall charges 
generated due to the charged particles and the display 
discharge cells CI (non-light emission cells) having no 
wall charge generated are distributed over the panel face 
in accordance with the image to be formed. 

[0044] Then, after the address discharge, a sustaining 

discharge is initiated between the transparent electrode 
Xa and the transparent electrode Ya of the row electrode 
pair (X, Y) in each light emission cell, thereby causing 
the red (R) , green (G) and blue (B) phosphor layers 7 to 
emit light to form the image on the panel face. 

[0045] The foregoing PDP is designed such that the address 

discharge is produced in the address discharge cell C2 that 
is partitioned off from the display discharge cell CI in 
which the sustaining discharge is produced for causing the 
phosphor layer 7 to emit light. This makes it possible 
to provide stable address-discharge characteristics 
because the address discharge has no chance of being 
subject to effects originating in the phosphor layer, such 
as discharge characteristics varying according to the 
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color of the phosphor materials and variations in the 
thickness of the phosphor layers occurring in the 
manufacturing process . 

[0046] Further, in the foregoing PDP, when the reset 

discharge is initiated prior to the address discharge, a 
discharge occurs in the address discharge as well. At this 
point, because the MgO layer 8 is formed in the address 
discharge cell C2, the priming effect caused by the reset 
discharge lasts for a long time, thereby speeding up in 
the address discharge. 

[0047] Further, in the foregoing PDP, because the MgO layer 

8 is formed in the address discharge cell C2, as shown in 
Figs. 7 and 8, the application of electron beam excites, 
in addition to a CL (cathode-luminescence) emission having 
a peak within a wavelength range of 300nm to 400nm, a CL 
emission having a peak within a wavelength range of 200nm 
to 300nm (in particular, around 235nm, of 230nm to 250nm) 
from the large-particle-diameter vapor-phase MgO single 
crystals included in the MgO layer 8. 

[0048] As shown in Fig. 9, the CL emission with a peak within 

a wavelength range of 200nm to 300nm (in particular, around 
235nm, of 230nm to 250nm) is not excited from a MgO layer 
formed typically by vapor deposition, but only a CL 
emission having a peak wavelengths from 300nm to 400nm is 
excited. 

[0049] Further, as seen from Figs. 7 and 8, the greater the 

particle diameter of the vapor-phase MgO single crystal, 
the stronger the peak intensity of the CL emission having 
a peak within the wavelength range from 200nm to 300nm (in 
particular, 235nm) . 



[0050] For the sake of reference, the BET specific surface 

area (s) is measured by a nitrogen adsorption method, and 
the particle diameter (Dbet) of the vapor-phase MgO single 
crystals forming the MgO layer 8 is calculated from the 
measured value by the following equation. 

[0051] Dbet=A/sxp, 
where 

A: shape count {A=6) 
p: real density of magnesium. 
Fig. 10 is a graph showing the correlation between the CL 
emission intensities and the discharge delay. 
[0052] It is seen from Fig. 10 that the discharge delay in 

the PDP is shortened by the 235 nm CL emission excited from 
the MgO layer 8, and further, as the intensity of the 235 
nm CL emission increases, the discharge delay is 
shortened- 

[0053] As described hitherto, the foregoing PDP is capable 

of providing satisfactory discharge characteristics as a 
result of the formation of the MgO layer 8 including the 
vapor-phase MgO single crystals of an average particle 
diameter of 500 or more angstroms (preferably, 2000 or more 
angstroms) measured by the BET method, for the purpose of 
an improvement of the discharge characteristics (a 
reduction in discharge delay, an increase in the discharge 
probability) . 

[0054] Fig. 11 is a graph of the comparison of the discharge 

probabilities in the cases where the MgO layer 8 to be 
provided in the address discharge cell C2 is formed by 
application of coating of a paste including the 
vapor-phase MgO single crystals of an average particle 
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diameter ranging from 2000 to 3000 angstroms, where an MgO 
layer is formed by conventional vapor deposition 
techniques, and where no MgO layer is formed. Fig. 12 
shows the discharge probabilities in the cases in Fig. 11 
when the rest time of the discharge is lOOOpsec. 
[0055] Further, similarly. Fig. 13 is a graph of the 

comparison of the discharge delay times in the cases where 
the MgO layer 8 is formed by application of a coating of 
a paste including the vapor-phase MgO single crystals of 
an average particle diameter ranging from 2000 to 3000 
angstroms, where an MgO layer is formed by conventional 
vapor deposition techniques, and where no MgO layer is 
formed. Fig. 14 shows the discharge delay times in the 
cases in Fig. 13 when the rest time of the discharge is 
lOOOpsec. 

[0056] Note that Figs. 11 to 14 show the case where 

vapor-phase MgO single crystals of a polycrystal structure 
are included in the MgO layer 8. 

[0057] It is seen from Figs. 11 to 14 that the provision of 

the MgO layer 8 including the vapor-phase MgO single 
crystals causes a significant improvement in the discharge 
probability and the discharge delay in the foregoing PDP 
and further causes a reduction in the dependence of 
discharge delay on rest time, leading to satisfactory 
discharge characteristics . 

[0058] Fig. 15 is a graph showing the relationship between 

the discharge probabilities and the particle diameters of 
the vapor-phase MgO single crystals forming the MgO layer 
8. 

[0059] It is seen from Fig. 15 that the greater the particle 
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diameter of the vapor-phase MgO single crystal forming the 
MgO layer 8, the higher the discharge probability, and the 
MgO layer 8, which is formed of the vapor-phase MgO single 
crystals of a particle diameter (2000 angstroms and 3000 
angstroms in the examples shown in the figure) exciting 
a CL emission having a peak at 235nm as described earlier, 
effects a significant improvement in discharge 
probability. 

[0060] More specifically, the conjectured reason for the 

improvement of the discharge characteristics caused by the 
MgO layer 8 in the PDF as described above is because the 
vapor-phase MgO single crystals causing the CL emission 
having a peak within the wavelength range from 200nm to 
SOOnm (in particular, around 235nm, of 230nm to 250nm) have 
an energy level corresponding to the peak wavelength, so 
that the energy level enables the trapping of electrons 
for a long time (some msec, or more), and the trapped 
electrons are extracted by an electric field so as to serve 
as the primary electrons required for starting a 
discharge . 

[0061] Also, because of the correlation between the intensity 

of the CL emission and the particle diameter of the 
vapor-phase MgO single crystals, the stronger the 
intensity of the CL emission having a peak within the 
wavelength range from 200nm to 300nm (in particular, 
around 235nm, of 230nm to 250nm) , the greater the 
improvement effect of the discharge characteristics 
caused by the vapor-phase MgO single crystal. 

[0062] In other words, for the deposition of vapor-phase MgO 

single crystals of a large particle diameter, an increase 
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in the heating temperature for generating magnesium vapor 
is required. Because of this, the length of the flame with 
which magnesium and oxygen react increases, and therefore 
the temperature difference between the flame and the 
surrounding ambience increases. It is thus conceivable 
that the larger the particle size of the vapor-phase MgO 
single crystal, the greater the number of energy levels 
occurring in correspondence with the peak wavelengths (e . g 
around 235nm, within a range from 230nm to 250nm) of the 
CL emission as described earlier. 

[0063] In a further conjecture regarding the vapor-phase MgO 

single crystal of a cubic polycrystal structure, many 
plane defects occur and the presence of energy levels 
arising from these plane defects contributes to an 
improvement in discharge probability. 

[0064] For the sake of reference, it is seen from Fig. 15 that 

the discharge probability is greatly enhanced even when 
the MgO layer 8 is formed by the application of a coating 
of a paste including vapor-phase MgO single crystals of 
an average particle diameter of the order of 500 angstroms 
by use of a method such as a screen printing technique, 
an offset printing technique, a dispenser technique, an 
ink- jet technique or a roll-coating technique, as compared 
with that in conventional vapor-deposited MgO layers. 

[0065] Further, the above-described results in Figs. 7 to 15 

are obtained when the MgO layer 8 is formed by the 
application of a coating of a paste including vapor-phase 
MgO single crystals by use of a method such as a screen 
printing technique, a nozzle coating or an ink-jet 
technique, but the MgO layer 8 may be formed of a powder 
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layer resulting from deposition of the powder of 
vapor-phase MgO single crystals by use of a method such 
as a spraying technique or an electrostatic coating 
technique . 

[0066] Further, the above embodiment example illustrates the 

case of forming the MgO layer 8 by applying a coating of 
a paste including vapor-phase single crystals to the 
interior of the address discharge cell. However, a paste 
including MgO single crystals may be applied so as to cover 
the dielectric layer 2 provided on the front substrate to 
form a protective layer. 

[0067] Further, a conventional MgO film may be formed on the 

dielectric layer 2 on the front substrate by vapor 
deposition, and then the MgO film may be coated with a paste 
including the powder of vapor-phase MgO single crystals 
to form an MgO film as a second layer. 

[00 68] SECOND EMBODIMENT EXAMPLE 

Figs. 16 to 18 illustrate a second embodiment example 
of an embodiment of the PDP according to the invention. 
Fig. 16 is a schematic front view of the PDP in the second 
embodiment example. Fig. 17 is a sectional view taken 
along the V3-V3 line in Fig. 16, and Fig. 18 is a sectional 
view talcen along the W2-W2 line in Fig. 16. 

[0069] The PDP shown in Figs. 16 to 18 has a plurality of row 

electrode pairs (XI, Yl) arranged in parallel on a 
rear-facing face of a front glass substrate 10 serving as 
the display surface so as to extend in the row direction 
(the right-left direction in Fig. 16) of the front glass 
substrate 10. 

[0070] A row electrode XI is composed of T-shaped transparent 
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electrodes Xla formed of a transparent conductive film 
made of ITO or the like, and a bus electrode Xlb which is 
formed of a metal film and which extends in the row 
direction of the front glass substrate 10 and is connected 
to the narrow proximal ends of the transparent electrodes 
Xla. 

[0071] A row electrode Yl, likewise, is composed of T-shaped 

transparent electrodes Yla formed of a transparent 
conductive film made of ITO or the like, and a bus electrode 
Ylb which is formed of a metal film and which extends in 
the row direction of the front glass substrate 10 and is 
connected to the narrow proximal ends of the transparent 
electrodes Yla. 

[0072] The row electrodes XI and Yl are arranged in alternate 

positions in the column direction of the front glass 
substrate 10 (the vertical direction in Fig. 16) . The 
transparent electrodes Xla and Yla, which are regularly 
spaced along the associated bus electrodes Xlb and Ylb, 
each extend out toward their counterparts in the row 
electrode pair, so that the wide distal ends of the 
transparent electrodes Xla and Yla face each other across 
a discharge gap 3I of a required width, 

[0073] Black or dark-colored light absorption layers 

(light-shield layers) 11 are each formed on the 
rear-facing face of the front glass substrate 10 between 
the back-to-back bus electrodes Xlb and Ylb of the row 
electrode pairs (XI, Yl) adjacent to each other in the 
column direction, and extend along these bus electrodes 
Xlb, Ylb in the row direction. 

[0074] Further, a dielectric layer 12 is formed on the 
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rear-facing face of the front glass substrate 10 so as to 
cover the row electrode pairs (XI, Yl) . On the rear-facing 
face of the dielectric layer 12, additional dielectric 
layers 12A, which project backward from the dielectric 
layer 12, are each formed in a position opposite to the 
back-to-back bus electrodes Xlb and Ylb of the row 
electrode pairs (XI, Yl) adjacent to each other and to the 
area between the above bus electrode Xlb and the above bus 
electrode Ylb positioned back to back, so as to extend 
parallel to the bus electrodes Xlb, Ylb. 
[0075] In turn, on the rear-facing faces of the dielectric 

layer 12 and the additional dielectric layers 12A, an MgO 
layer 13, which includes MgO crystals causing a CL emission 
having a peak within a wavelength range of 200nm to 300nm 
upon excitation by electron beams, as described later, is 
formed. 

[0076] On the other hand, on the display-side face of the back 

glass substrate 14 placed parallel to the front glass 
substrate 10, column electrodes Dl are arranged in 
parallel to each other at predetermined intervals so as 
to extend in a direction at right angles to the row 
electrode pairs (XI, Yl) (the column direction) through 
positions opposite to the paired transparent electrodes 
Xla and Yla in each row electrode pair (XI, Yl) . 

[0077] A white column-electrode protective layer 15 covering 

the column electrodes Dl is further formed on the 
display-side face of the back glass substrate 14, and in 
turn partition units 16 are formed on the column-electrode 
protective layer 15. 

[0078] Each of the partition units 16 is formed in a ladder 
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shape made up of a pair of transverse walls 16A extending 
in the row direction in the respective positions opposite 
to the bus electrodes Xlb and Ylb of each row electrode 
pair (XI, Yl), and vertical walls 16B each extending in 
the column direction between the pair of transverse walls 
16A in a mid-position between the adjacent column 
electrodes Dl . The partition units 16 are regularly 
arranged in the column direction on either side of an 
interstice SL which extends in the row direction between 
the back-to-back transverse walls 16A of the adjacent 
partition units 16. 

[0079] Then, the ladder-shaped partition units 16 partition 

the discharge space S between the front glass substrate 
10 and the back glass substrate 13 into quadrangular areas 
each corresponding to the paired transparent electrodes 
Xla and Yla in each row electrode pair (XI, Yl) to form 
discharge cells C3. 

[0080] A phosphor layer 17 is formed on the side faces of the 

transverse walls 16A and the vertical walls 16B of the 
partition unit 16 and the face of the column-electrode 
protective layer 15 which face toward each discharge cell 
C3, so as to cover all these five faces. The arrangement 
of the colors of the phosphor layers 17 is the three primary 
colors, red, green and blue, in sequence in the row 
direction in the respective discharge cells C3. 

[0081] The MgO layer 13 covering the additional dielectric 

layers 12A is in contact with the display-side faces of 
the transparent walls 16A of the partition units 16 (see 
Fig. 17), whereby each additional dielectric layer 12A 
blocks off the discharge cell C3 and the interstice SL from 

23 



each other- However, the display-side face of the 
vertical wall 16B is out of contact with the MgO layer 13 
(see Fig. 18) , to form a clearance rl therebetween, so that 
the adjacent discharge cells C3 in the row direction 
communicate with each other by means of the clearance r 1 . 

[0082] The discharge space S is filled with a discharge gas 

including xenon, 

[0083] As in the case of the first embodiment example, 

included among MgO crystals used for forming the MgO layer 
13, is a single crystal obtained by performing vapor-phase 
oxidation on magnesium steam generated by heating 
magnesium by a vapor-phase oxidation technique; for 
example, a vapor-phase MgO single crystal causing CL 
emission having a peak within a wavelength range of 200nm 
to 300nm (in particular, 235nm) upon being excited by an 
electron beam. As the vapor-phase MgO single crystal, an 
MgO single crystal having a cubic single crystal structure 
as illustrated in the SEM photograph in Fig. 5, and an MgO 
single crystal having a cubic polycrystal structure of 
cubic crystals fitted to each other as illustrated in the 
SEM photograph in Fig. 6 are included for example. 

[0084] Then, the MgO layer 13 is formed by use of a method 

such as screen printing, offset printing, dispenser 
technique, ink-jet technique or a roll-coating technique 
to apply a coating of a paste including vapor-phase MgO 
single crystals as described above to the surfaces of the 
dielectric layer 12 and the additional dielectric layers 
12A, or alternatively by use of a method such as spraying 
techniques, electrostatic spraying techniques to cause 
the vapor-phase MgO single crystals to adhere to the 
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surfaces of the dielectric layer 12 and the additional 
dielectric layers 12A, or again by drying a coating of a 
paste including the vapor-phase MgO single crystal applied 
to a support film to form a film or a sheet shape and then 
laminating the film or sheet on the dielectric layer. 

[0085] Fig. 19 shows the state when the MgO layer 13(A) is 

formed by use of a method such as screen printing, offset 
printing, dispenser technique, ink-jet technique or 
roll-coating technique to apply a coating of a paste 
including the vapor-phase MgO single crystals. 

[0086] Similarly, Fig. 20 shows the state when the MgO layer 

13(B) is constituted of a powder layer formed by a 
deposition of powder of vapor-phase MgO single crystals 
by use of a method such as a spraying technique or 
electrostatic coating technique. 

In the foregoing PDP, the speeding up of a discharge 
initiated in the discharge cell C3 (e.g. the speeding up 
of an address discharge by the long continuation of the 
priming effect resulting from a reset discharge) is 
achieved by forming an MgO layer 13 which includes MgO 
crystals causing CL emission having a peak within the 
wavelength from 200nm to 300nm upon being excited by 
electron beams . 

[0087] Fig. 21 is a graph of the comparison between the 

discharge delay time in the case when a powder of MgO single 
crystals is dispersed in a medium such as a specific alcohol 
and then the suspension is sprayed to the surfaces of the 
dielectric layer 12 and the additional dielectric layers 
12A by an air spray method using a spray gun to deposit 
the powder of MgO single crystals in order to form the MgO 
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layer 13, and the discharge delay times in other examples. 

[0088] In Fig. 21, the graph a shows the discharge 

probabilities when a powder layer formed of a powder of 
vapor-phase MgO single crystals of an average particle 
diameter of 500 angstroms is formed on the surface of the 
dielectric layer 12. The graph b shows the discharge 
probabilities when a conventional vapor deposition 
technique is used to form an MgO layer on the surface of 
the dielectric layer. The graph c shows the discharge 
probabilities when, as described in the first embodiment 
example, in a PDP of the type having the discharge cells 
each divided into a display discharge cell and an address 
discharge cell, an MgO layer is formed in the address 
discharge cell by application of a coating of a paste 
including a powder of vapor-phase MgO single crystals of 
an average particle diameter of 500 angstroms. The graph 
d shows the discharge probabilities when in an address 
discharge cell of a similar type, an MgO layer is formed 
by a conventional vapor deposition technique. 

[0089] It is seen from the comparison between the graphs a 

and c in Fig. 21 that as regards the discharge probabilities 
(discharge delay) when the MgO layer 13 is constituted of 
a powder layer formed by a deposition of a powder of 
vapor-phase MgO single crystals, it is possible to provide 
the characteristics approximately equal to those in the 
case when the MgO layer is formed by application of a 
coating of a paste including the MgO single crystals. 

[0090] It is further seen that, as compared with the case of 

an MgO layer formed by using a conventional vapor 
deposition technique, the discharge probabilities are 

26 



greatly improved, either when, by use of the vapor-phase 
MgO single crystals of an average particle diameter of 500 
angstroms, a coating is applied by a method such as screen 
printing, offset printing, dispenser technique, ink-jet 
technique or roll-coating technique to form an MgO layer, 
or when an MgO layer is formed by deposition using a method 
such as a spraying technique or electrostatic coating 
technique . 

[0091] THIRD EMBODIMENT EXAMPLE 

Figs. 22 to 24 illustrate a third embodiment example 
of an embodiment of the PDP according to the invention. 
Fig. 22 is a schematic front view of the PDP in the third 
embodiment example. Fig. 23 is a sectional view taken 
along the V4-V4 line in Fig. 22, and Fig. 24 is a sectional 
view taken along the W3-W3 line in Fig. 22. 

[0092] The PDP shown in Figs. 22 to 24 has a plurality of row 

electrode pairs (X2, Y2) arranged in parallel on a 
rear-facing face of a front glass substrate 21 serving as 
the display surface so as to extend in the row direction 
(the right-left direction in Fig. 22) of the front glass 
substrate 21. 

[0093] A row electrode X2 is composed of T-shaped transparent 

electrodes X2a formed of a transparent conductive film 
made of ITO or the like, and a bus electrode X2b which is 
formed of a metal film and which extends in the row 
direction of the front glass substrate 21 and is connected 
to the narrow proximal ends of the transparent electrodes 
X2a. 

[0094] A row electrode Y2, likewise, is composed of T-shaped 

transparent electrodes Y2a formed of a transparent 
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conductive film made of ITO or the like, and a bus electrode 
Y2b which is formed of a metal film and which extends in 
the row direction of the front glass substrate 21 and is 
connected to the narrow proximal ends of the transparent 
electrodes Y2a. 

[0095] The row electrodes X2 and Y2 are arranged in alternate 

positions in the column direction of the front glass 
substrate 21 (the vertical direction in Fig. 22) . The 
transparent electrodes X2a and Y2a, which are regularly 
spaced along the associated bus electrodes X2b and Y2b, 
each extend out toward their counterparts in the row 
electrode pair, so that the wide distal ends of the 
transparent electrodes X2a and Y2a face each other across 
a discharge gap ^2 of a required width. 

[0096] Black or dark-colored light absorption layers 

(light-shield layers) 22 are each formed on the 
rear-facing face of the front glass substrate 21 between 
the back-to-back bus electrodes X2b and Y2b of the row 
electrode pairs (X2, Y2) adjacent to each other in the 
column direction, and extend along these bus electrodes 
X2b, Y2b in the row direction. 

[0097] Further, a dielectric layer 23 is formed on the 

rear-facing face of the front glass substrate 21 so as to 
cover the row electrode pairs (X2, Y2) . On the rear-facing 
face of the dielectric layer 23, additional dielectric 
layers 23A, which project backward from the dielectric 
layer 23, are each formed in a position opposite to the 
back-to-back bus electrodes X2b and Y2b of the row 
electrode pairs (X2, Y2) adjacent to each other and to the 
area between the above bus electrode X2b and the above bus 
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electrode Y2b positioned back to back, so as to extend 
parallel to the bus electrodes X2b, Y2b. 
[0098] In turn, on the rear-facing faces of the dielectric 

layer 23 and the additional dielectric layers 23A, an MgO 
layer (hereinafter referred to as '^thin-film MgO layer") 
24 of a thin film formed by vapor deposition or spattering 
is formed and covers the rear-facing faces of the 
dielectric layer 23 and the additional dielectric layers 
23A. 

[0099] An MgO layer (hereinafter referred to as ''crystalline 

MgO layers") 25 including MgO crystals causing a 
cathode-luminescence emission (CL emission) having a peak 
within a wavelength range of 200nm to 300nm (in particular, 
around 235nm, of 230nm to 250nm) upon excitation by 
electron beams as described in detail later is formed on 
the rear-facing face of the thin-film MgO layer 24. 

[0100] The crystalline MgO layer 25 is formed on either the 

entire rear-facing face or a part of the rear-facing face 
of the thin-film MgO layer 24, for example a part facing 
a discharge cell which will be described later (in the 
example illustrated in the figures, the crystalline MgO 
layer 25 is formed on the entire rear-facing face of the 
thin-film MgO layer 24) . 

[0101] On the other hand, on the display-side face of the back 

glass substrate 26 placed parallel to the front glass 
substrate 21, column electrodes D2 are arranged in 
parallel to each other at predetermined intervals so as 
to extend in a direction at right angles to the row 
electrode pairs (X2, Y2) (the column direction) through 
positions opposite to the paired transparent electrodes 
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X2a and Y2a in each row electrode pair (X2, Y2) . 

[0102] A white column-electrode protective layer (dielectric 

layer) 27 covering the column electrodes D2 is further 
formed on the display-side face of the back glass substrate 
26, and in turn partition units 28 are formed on the 
column-electrode protective layer 27. 

[0103] Each of the partition units 28 is formed in a ladder 

shape made up of a pair of transverse walls 28A extending 
in the row direction in the respective positions opposite 
to the bus electrodes X2b and Y2b of each row electrode 
pair (X2, Y2), and vertical walls 28B each extending in 
the column direction between the pair of transverse walls 
28A in a mid-position between the adjacent column 
electrodes D2 . The partition units 28 are regularly 
arranged in the column direction on either side of an 
interstice SL which extends in the row direction between 
the back-to-back transverse walls 28A of the adjacent 
partition units 28. 

[0104] Then, the ladder-shaped partition units 28 partition 

the discharge space SI between the front glass substrate 
21 and the back glass substrate 26 into quadrangles 
respectively corresponding to discharge cells C4 formed 
in relation to the paired transparent electrodes X2a and 
Y2a in each row electrode pair (X2, Y2) . 

[0105] A phosphor layer 29 is formed on the side faces of the 

transverse walls 28A and the vertical walls 28B of the 
partition unit 28 and the face of the column-electrode 
protective layer 27 which face toward the discharge space 
SI, so as to cover all these five faces. The arrangement 
of the colors of the phosphor layers 29 is the three primary 
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colors, red, green and blue, in sequence in the row 
direction in the respective discharge cells C4 . 
[0106] The crystalline MgO layer 25 {or the thin-film MgO 

layer 24 if the crystalline MgO layer 25 is formed only 
a portion of the rear-facing face of the thin-film MgO layer 

24 facing each discharge cell C4) covering the additional 
dielectric layers 23A is in contact with the display-side 
faces of the transparent walls 28A of the partition units 
28 (see Fig. 23) , whereby each additional dielectric layer 
23A blocks off the discharge cell C4 and the interstice 
SL from each other. However, the crystalline MgO layer 

25 (or the thin-film MgO layer 24) is out of contact with 
the display-side face of the vertical wall 28B (see Fig. 
24), to form a clearance r2 therebetween, so that the 
adjacent discharge cells C4 in the row direction 
communicate with each other by means of the clearance r 2 . 

[0107] The discharge space SI is filled with a discharge gas 

including xenon. 

[0108] The crystalline MgO layer 25 is formed by depositing 

MgO crystals, as described earlier, to the surface of the 
rear-facing face of the thin-film MgO layer 24 covering 
the dielectric layer 23 and the additional dielectric 
layers 23A by a method such as a spraying technique or 
electrostatic coating technique. 

[0109] Note that the embodiment example describes the case where 
the thin-film MgO layer 24 is formed on the rear-facing 
faces of the dielectric layer 23 and the additional 
dielectric layers 23A and then the crystalline MgO layer 
25 is formed on the rear-facing face of the thin-film MgO 
layer 24. However, the thin-film MgO layer 24 may be 

31 



formed on the rear-facing face of the crystalline MgO layer 
25 after the crystalline MgO layer 25 may be formed on the 
rear-facing faces of the dielectric layer 23 and the 
additional dielectric layers 23A. 

[0110] Fig. 25 illustrates the state when the thin-film MgO 

layer 24 is formed on the rear-facing face of the dielectric 
layer 23 and then MgO crystals are deposited to the 
rear-facing face of the thin-film MgO layer 24 to form the 
crystalline MgO layer 25 by use of a method such as a 
spraying technique or electrostatic coating technique. 

[0111] Also, Fig. 26 illustrates the state when MgO crystals 

are deposited to the rear-facing face of the dielectric 
layer 23 to form the crystalline MgO layer 25 by use of 
a method such as a spraying technique or electrostatic 
coating technique, and then the thin-film MgO layer 24 is 
formed. 

[0112] The crystalline MgO layer 25 of the foregoing PDP is 

formed by use of the following materials and method. 

[0113] Specifically, included among MgO crystals which are 

used as materials for forming the crystalline MgO layer 
25 and causes CL emission having a peak within a wavelength 
range of 200nm to 300nm (in particular, around 235nm, of 
230nm to 250nm) upon being excited by an electron beam, 
is, for example, a single crystal of magnesium obtained 
by performing vapor-phase oxidation on magnesium steam 
generated by heating magnesium (this single crystal of 
magnesium is hereinafter referred to as 'Vapor-phase MgO 
single crystal"), as in the cases of the foregoing first 
and second embodiment examples. As the vapor-phase MgO 
single crystal, an MgO single crystal having a cubic single 



crystal structure as illustrated in the SEM photograph in 
Fig. 5, and an MgO single crystal having a structure of 
cubic crystals fitted to each other (i.e. a cubic 
polycrystal structure) as illustrated in the SEM 
photograph in Fig, 6 are included for example. 

[0114] The vapor-phase MgO single crystal contributes to an 

improvement of the discharge characteristics such as a 
reduction in discharge delay as described later. 

[0115] Further, as compared with MgO obtained by other 

methods, the vapor-phase MgO single crystal has the 
features of being of a high purity, taking a microscopic 
particle form, causing less particle agglomeration, and 
the like. 

[0116] The vapor-phase MgO single crystal used in the 

embodiment example has an average particle diameter of 500 
or more angstroms (preferably, 2000 or more angstroms) 
based on a measurement using the BET method. 

[0117] For the sake of reference, the preparation of the 

vapor-phase MgO single crystal is described in 
^^Preparation of magnesia powder using a vapor phase method 
and its properties'' (""Zairyou (Materials)'' vol. 36, no. 
410, pp. 1157-1161, the November 1987 issue) , and the like. 

[0118] The crystalline MgO layer 25 is formed, for example, 

by depositing the vapor-phase MgO single crystal by use 
of a method such as a spraying technique or electrostatic 
coating technique, as described earlier. 

In the above-mentioned PDP, a reset discharge, an 
address discharge and a sustaining discharge for 
generating an image are produced in the discharge cell C4 . 

[0119] Then, when the reset discharge is initiated in the 
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discharge cell C4 prior to the initiation of the address 
discharge, the priming effect resulting from the reset 
discharge lasts for a long time because of the formation 
of the crystalline MgO layer 25 in the discharge cell C4, 
thereby speeding up of the address discharge . 
[0120] In the above PDP, as illustrated in Figs. 7 and 8 

described earlier, the crystalline MgO layer 25 is formed 
of a vapor-phase MgO single crystal as described above, 
whereby the application of electron beams caused by the 
discharge excites, in addition to a CL emission having a 
peak within a wavelength range of 300nm to 400nm, a CL 
emission having a peak within a wavelength range of 200nm 
to 300nm (in particular, around 235nm, of 230nm to 250nm) 
from the large-particle-diameter vapor-phase MgO single 
crystals included in the crystalline MgO layer 25. The 
greater the particle diameter of the vapor-phase MgO 
single crystal, the stronger the peak intensity of the CL 
emission having a peak within the wavelength range from 
200nm to 300nm (in particular, around 235nm, of 230nm to 
250nm) . 

[0121] As shown in Fig. 9 described earlier, the CL emission 

with a peak at 235nm is not excited from a MgO layer formed 
typically by vapor deposition (corresponding to the 
thin-film MgO layer 24 in this embodiment example) , but 
only a CL emission having a peak wavelengths from 300nm 
to 400nm is excited. 

[0122] It is conjectured that the presence of the CL emission 

having the peak wavelength from 200nm to 300nm will effect 
a further improvement of the discharge characteristics (a 
reduction in discharge delay, an increase in the 
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probability of a discharge) . 

[0123] More specifically, the conjectured reason for the 

improvement of the discharge characteristics caused by the 
crystalline MgO layer 25 is because the vapor-phase MgO 
single crystals causing the CL emission having a peak 
within the wavelength range from 200nm to 300nm (in 
particular, around 235nm, of 230nm to 250nm) have an energy 
level corresponding to the peak wavelength, so that the 
energy level enables the trapping of electrons for a long 
time (some msec, or more), and the trapped electrons are 
extracted by an electric field so as to serve as the primary 
electrons required for starting a discharge. 

[0124] Therefore, the reason that the stronger the intensity 

of the CL emission having a peak within the wavelength range 
from 200nm to 300nm (in particular, around 235nm, of 230nm 
to 250nm) , the greater the improvement effects of the 
discharge characteristics caused by the vapor-phase MgO 
single crystal is as described in the aforementioned first 
embodiment example . 

[0125] For the sake of reference, the particle diameter (Dbet) 

of the vapor-phase MgO single crystals forming the 
crystalline MgO layer 25 is calculated by the same method 
as that in the first embodiment example. 

[0126] The correlation between the CL emission intensities 

and the discharge delay is, as is the case shown in Fig. 
10 in the first embodiment example, that the display delay 
in the PDP is shortened by the 235nm CL emission excited 
from the crystalline MgO layer 25, and further, as the 
intensity of the 235nm CL emission increases, the 
discharge delay is shortened. 



[0127] Fig. 27 shows the comparison of the discharge delay 

characteristics between the case of the PDP having the 
double-layer structure of the thin-film MgO layer 24 and 
the crystalline MgO layer 25 as described above (Graph a) , 
and the case of a conventional PDP having only a MgO layer 
formed by vapor deposition (Graph b) . 

[0128] As seen from Fig, 27, it is seen that a PDP is provided 

with the double-layer structure of the thin-film MgO layer 
24 and the crystalline MgO layer 25, whereby the discharge 
delay characteristics is significantly improved as 
compared with a conventional PDP having only a thin-film 
MgO layer formed by vapor deposition. 

[0129] As described hitherto, by forming the crystalline MgO 

layers 25 including MgO crystals causing a CL emission 
having a peak within a wavelength range from 200nm to 300nm 
upon being excited by an electron beam in addition to the 
conventional thin-film MgO layer 24 formed by vapor 
deposition or the like, the above-described PDP is 
improved in the discharge characteristics such as the 
discharge delay, and is capable of showing satisfactory 
discharge characteristics . 

[0130] As the MgO crystals forming the crystalline MgO layer 

25, an MgO crystal of an average particle diameter of 500 
or more angstroms based on a measurement using the BET 
method, preferably, of a range from 2000 angstroms to 4000 
angstroms, is used. 

[0131] The crystalline MgO layer 25 is not necessary required 

to be formed so as to cover the entire face of the thin-film 
MgO layer 24 as described earlier, and may be formed by 
patterning partially on portions facing the transparent 
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electrodes X2a, Y2a of the row electrodes X2, Y2 or on 
portions excepting portions facing the transparent 
electrodes X2a^ Y2a, for example. 

[0132] When the crystalline MgO layer 25 is formed partially, 

the area ratio of the crystalline MgO layers 25 to the 
thin-film MgO layer 24 is set at from 0.1 to 85 percent. 

[0133] For the sake of reference, the foregoing has described 

the case when the present invention applies to a reflection 
type AC PDP having the front glass substrate on which row 
electrode pairs are formed and covered with a dielectric 
layer and the back glass substrate on which phosphor layers 
and column electrodes are formed. However, the present 
invention is applicable to various types of PDPs, such as 
a reflection-type AC PDP having row electrode pairs and 
column electrodes formed on the front glass substrate and 
covered with a dielectric layer, and having phosphor 
layers formed on the back glass substrate; a 
transmission-type AC PDP having phosphor layers formed on 
the front glass substrate, and row electrode pairs and 
column electrodes formed on the back glass substrate and 
covered with a dielectric layer; a three-electrode AC PDP 
having discharge cells formed in positions corresponding 
to the intersections between row electrode pairs and 
column electrodes in the discharge space; a two-electrode 
AC PDP having discharge cells formed in positions 
corresponding to the intersections between row electrode 
pairs and column electrodes in the discharge space. 

[0134] Further, the foregoing has described the case when the 

crystalline MgO layer 25 is formed through deposition by 
use of a method such as a spraying technique or an 
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electrostatic coating technique. However, the 

crystalline MgO layer 25 may be formed through application 
of a coating of a paste including a powder of MgO crystals 
by use of a method such as a screen printing technique, 
an offset printing technique, a dispenser technique, an 
ink-jet technique of a roll-coating technique, or 
alternatively may be formed by applying a paste including 
MgO crystals to a support film, then drying it to a film 
and then laminating the film on the thin-film MgO layer. 

INDUSTRIAL APPLICAPABILITY 
[0135] The invention is useful to provide a PDF improved in 

discharge characteristics such as discharge probabilities 
and discharge delay to provide satisfactory discharge 
characteristics . 
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